METHOD OF DETACH NG A SEM CONDUCTOR LAYER The present
invention relates to a nethod of detaching a | ayer

wo casnasssmf er of material chosen fromanong — PCT/IB2004/002693
sem conductor materials, the nethod conprising the
steps consisting of: - creating an enbrittl enment zone
in the thickness of the wafer, the said enbrittl enent
zone defining the layer to be detached in the
t hi ckness of the wafer, subjecting the wafer to a
treat ment fyprmfd est iDdgAde etagnEdoNiudTeR avelr
at the level of the enbrittTenent zone. Met hods of
this type are al ready known. These nethods pernmt thin
|ayers Lp pe oblained yiibnaipessiblecLhi ckpess ofothgy o
order of a mTron or |ess. ~The | ayer may be of a
sendeoaduchor amdbgriral f1sinc ha agagielrl edn.maiherial chosen from
SMARTCUT(r) pethod js an exa e of a nethod naking .
e 6o e S eapaict St e F P Raf moFBosPetPeOtRAL S the
thes§@$§a§§ngisﬁ thps created | ayers shoul d
generally conformto very strict surface state
Sspeci fi cati orsredting t Hus comn toldnant rodginsess in the
spegy fi Lons [ shoul d no xceed,5 angstr.ans i
rnsg?%%%ﬁéﬁgaﬁxégggg%)ngﬁgé. %%%gﬁﬁ%gg ﬁ%g%ﬁﬁgﬂéﬁFgﬂz zone
ar edgenet ag| yhperforamdtusiory @atatioad cihort® thickness of
m croscope (AFM . Wth this type of apparatus,
r oufh®e¥3L £/ neasur ed

- subjecting the wafer to a treatment for

10 effecting the detachment of the layer, at the level of

the embrittlement zone.

Methods of this type are already known. These
methods permit thin layers to be obtained with a
possible thickness of the order of a micron or less.

15 : The layer may be of a semiconductor material such
as silicon.

The SMARTCUT® method is an example of a method
making use of such steps.

It is furthermore specified that the surface of the

20 thus created layers should generally conform to very
strict surface state specifications.

It is thus common to find roughness specifications
which should not exceed 5 angstroms in rms (root mean
square) value.

25 Roughness measurements are generally performed
using an atomic force microscope (AEM).

With this type of apparatus, roughness is measured

on surfaces scanned by the point of the AFM microscope,



on surfaces scanned by the point of the AFM
m croscope,froml x 1 m®2 to 10 x 10 nm®2 , and nore
WO 200810¥33550 x 50 mm2 or even 100 x 100 mm2 . | PCT/BB2004/002693
| i kewi se specified that it is possible to neasure
surface roughness by other nethods, particularly using
a nmeasurenent of "haze". This nethod has the
particul ar advantage of permtting rapid
chafmot et i zatli gm®ofo the xinifopnf ty 0fd resgbnessedyerso x 50
the whole of a _surface. This haze, measured in ppm
ar i1esOFr 6%FR A8Pn&d188i KB t-he optical reflectivity

ti fot : eri,ze :
propertigs Qglg i‘fké&k"fé@cl%pte%lﬁe@aﬁgg{: r1¢ QS %elﬂssoJfk?le to

corresponds to an optical ""background noi se"

by nerswie f scefdoe roughsesschbp otheugherébsds, Apaltdscularly
been nentioned, the surface state specificatiaons of
5defﬁ%ﬂ§£ 1%y S SHEENAYY g?ric?é?ﬁ thei%%ﬁié%ﬁ .opas the
fiG@aktﬂéu3£ﬂitiOnadﬁénfé%élkemﬂéﬁ desi pe@nd€€ohdi N  rapid
to these specifications that the roughness be as
horfitferEotRr 552 bR of etlow evni hersitvaeé spughaess over the

detached layers,Apd-Legarding this aspect the
invention ains at providing a distribution of

roughnesthivhi bhzes asdwmmegenenupras passsdse favar 4 heethod
surface of the det is to be noted that

107 1% BB o EF COREheRt hf%ﬂ%ﬁ%%}tzearayegwgﬁi A§ the surface
nethodpe suathascddie anes Al 08RG dIb M 02405344 apdtical
EP 938 129 which do not address this aspect of
hondeHebirurdughhesd evdena afel dehelthbayperrfefce due to its

micro-roughness.

As has been mentioned, the surface state

15 specifications of detached layers are very strict in the
semiconductor field.

In addition, it is likewise desired according to
these specifications that the roughness be as
homogeneous as possible over the surface of the

20 detached layer.

And regarding this aspect the invention aims at
providing a distribution of roughness which is as
homogeneous as possible over the surface of the detached
layer.

25 It is to be noted that this specific aspect is not
treated by existing methods, such as the ones disclosed
in WO 02/05344 and EP 938 129 which do not address this
aspect of homogeneous roughness over a detached layer of
a wafer.

30 Furthermore, equally strict specifications may be

associated with the remainder of the wafer after

detachment (this remainder being termed the “negative”).



a wafer. Furthernore, equally strict specifications

may be associated with the remai nder of the wafer
wa@taosi1xdes achment (this remai nder being ter medPChEB2004/002693

"negative") .It is certainly pdssible to provide

conpl enmentary surface treatnent steps after the

detachnment to attain these specifications. These

conpl ementary treatnents nay for exanple nake use of

pol i shi i, $acrde°ﬂu3iiailyoxﬂ>@@§i}§m?dagd/mﬂ‘ox?itﬂmheﬂﬁplémﬁntary

anneal i ng steps, However, it wou e preferable to .
recﬁ}lcretlar oEFgét{“@nEuéﬁe@émﬂWt 5h¢ tedachamrs & attain

as dresd phddyrang-ageel erate the [ayer manufacturing
process. object of the invention is to respond to

thi s nedthede eprdelenantataitredtimenhy evay fbe example make
glnﬁggio froposes . a net hod _of .det achnent

. f, a,l
froma water eri%l cHES&n ﬁF&ﬁ1senP§gﬁag&Pg¥er and/or

matsrpEl aned ther yredhiash Ciongprdisdgig, the steps consisting
of: - creating an enbrittlenent zone in the thickness
of the WIEVCEhelkarauedbPpt Pirefemabdenet defednpg rREourse

I Lt ' ss _of :
St e eopab achet LBy | ek ke eSS i O B Ly end
detaacteientatod the layer meatufide-deved foddres .

enbrittlement .zope, characterized in that : - durin ,
10t he creév}oﬂb%?cghgfeSgF?tfpgﬁﬂﬁ%o?oﬁéi BO|6€§PP?€dq“3 this

st atdddng region of this zone is constituted, at the

| evel of which the enbrittlenent zone |ocally has
In order to attain this object, the invention

proposes a method of detachment of a layer from a wafer
of material chosen from semiconductor materials, the
15 method comprising the steps consisting of:

- creating an embrittlement zone in the thickness
of the wafer, the said embrittlement =zone defining the
layer to be detached in the thickness of the wafer,

- subjecting the wafer to a thermal treatment to

20 perform detachment of the layer, at the level of the
embrittlement zone,

characterized in that

- during the creation of the embrittlement zone, a
localized starting region of this zone is constituted,

25 at the level of which the embrittlement zone locally has
greater embrittlement, so that this starting region
corresponds to a super-embrittled region of the
embrittlement zone, and

- the thermal treatment is performed so as to apply

30 to the wafer a substantially homogeneous amount of heat

over the whole embrittlement zone.



greater enbrittlenent, so that this starting region
corresponds to a super - enbrittled region of the
weedpsiotsenent zone, and - the thermal treat mePCT/IB004/002693
performed so as to apply to theét wafer a substantially
honogeneous anobunt of heat over the whole
enbrittl enment zone.Preferred, but not limting,
aspects of this nethod are the follow ng: the
enbrittIereftrzeds bstcheat etmbyiagpnuepspeei 88 this method
i npl antation, and the starting zone is created during
t he?TPptRnt 501 6AWBY9IF ocal i npl antation of an overdose
of atomc speci esyprid n@@cm_tf§atéﬁé&é&f by atomic
thermal annealing, - the annealing is perfornmed so as
t o sPpptyes o itpd anddodrican anslinthef sheatticor responilsngreated
to the. ener necessary .f.or effecting.the detachnent,
L PRt e ariiy st ybPEAL abTRG T ar bt e0f 20
ar eoset@st&veryatcent cokhedigdyyi ng the annealing,
detachment is initiated at the |evel of the starting
regi on durfhg daheahnagt trw'em@l@taéﬁnﬁh@r@abpa@aﬁéglng,
fromthe_s ti e _over t tent . of
rbri £ 1 embae S0AGE L flor daa e ith B 0 and abPey to e
adveanfagesarof amenitnvefit itoretv ldorrespadimige appatient energy
on readin thg?fol i description of a preferred

l_.owi n
10 npd T REREL B ﬁeeﬁ%@%E?P%thﬁa BLAFEReRET erence to

the acconpRAVimG Hawhagsinhh Mkt £i QYk@ateldS facing the
schematic assenbly di agram of an_anneal i ng device .
whieafenyabe ssédcthavehg teavbneldad during the annealing,

- detachment 1s initiated at the level of the

Ul

starting region during annealing,
15 - the detachment propagates from the starting zone
over the whole extent of the embrittlement zone.

Other aspects, objects and advantages of the
invention will Dbecome more apparent on reading the
following description of a preferred embodiment of the

20 invention, made with reference to the accompanying
drawings, in which:

- Figure 1 is a schematic assembly diagram of an
annealing device which may be used in the invention,
corresponding to a first embodiment of such a device,

25 - Figure 2 is a more detailed schematic diagram
of a portion of this device.

- Figure 3 is a schematic diagram of an
annealing device which may be used in the invention,
corresponding to a second embodiment of such a device.

30
Creation of the Embrittlement Zone




corresponding to a first enbodi nent of such a devi ce,

- Figure 2 is a nore detailed schematic diagramof a
w@oerosiotdssdf this device. Figure 3 is a schemat PCT/IB2004/002693

di agram of an anneal i ng devi ce %hi ch nmay be used in

the invention, corresponding to a second enbodi nent of

such a device. Creation of the Enbrittl enment ZoneA

first step of the nmethod according to the invention

consi st sAofftreati sgepn enbr thtl efieihodoneccdetiinigngtad the
| ayer to be detached, within the thickness of

a
sen%%%%%%?%rlcrﬁéiséﬁtaﬁ Raf &t eaH Yafbr ?P&?/r%%?l$%$nt zone,
exagpk eni0f §'hhg@9-tb”bé peebenead gakadhmenl ehii®ess of
i nvention which Corresponds to an alternative nethod

of & heeBMAMRTOWTE0Y myperishiwateration of the

enbrittlenment zone nmay be effected i npl ant ati on of
oom ¢ shoE wafehoniT ey fof (esteite OF ShooapE:
such i nptantatpearésrasuaidopdpeicher ned socasiheedef bhe which

a uniformconcentration of inplanted atom c species in
t heCRFBPFRPNEFeiC zBRe 2lteriRtd Vendnethedi @il akrat iYRRICUT®

dose,is t 0 h ame .fo [ of
theg%%%fiﬁgﬁéaeéggé%%gg ?H§tEgecégggﬂtéiéyéﬁge%??%%,may be
t hi stfapteadtlayi omplsnbatibe cbHnbtamycpeptoinsd by

locally creating an inplantation goverdose in a
]ibredeteré?%%ﬂd+%%ioﬁ?bf t maFEP%eThig%regg@ﬁ_oF”Fhe such
vaf ehonhhtat DUS recenie-a19r egberodnsg ofo atgm €0 define a

speci es than the remai nder of the wafer. .
uniform concentration of implanted atomic species in the

(8))

embrittlement zone.

To this end, the implantation dose is thus normally
15 the same for all the regions of the embrittlement zone.

In the case of the invention, this implantation is
on the contrary performed by locally creating an
implantation overdose in a predetermined region of the
wafer.

20 This region of the wafer will thus receive a
greater dose of atomic species than the remainder of the
wafer.

It 1s specified that this local implantation
overdose may be obtained by first implanting the wafer
25 in a spatially homogeneous manner, then by later locally
implanting an overdose into the desired region.

As an alternative, it may likewise be envisaged to
displace the species beam of an implanter over the wafer
surface, so as to sweep the surface of this wafer.

30 In this latter case, the kinematics of beam
displacement over the wafer surface will be defined so

as to perform a spatially homogeneous implantation on



It is specified that this local inplantation overdose
may be obtained by first inplanting the wafer in a
W@ pasiosdssy honogeneous manner, then by | ater |PCHIB2§04/002693
i npl anting an overdose into thé desired region. A s an
alternative, it may |ikew se be envisaged to displ ace
t he speci es beam of an inplanter over the wafer
surface, so as to sweep the surface of this wafer. In
t hish¢ atwefecaseurfidree Ki remmdgics fafr beam didepliacenerbpecific
over the wafer surface w|l be defined so as to

perFeP PR 4p4Ci AN honpgehedGS1ERAI &Rt atTRIRNt AR overdose

waf g4 sgb&@_@ew_h%ge Rhhef Andihg 1dssi 1£d; gR&61 1 £ed esa’aQH a time

into which it is desired to I nplant an overdose an

abovef hctant heoi apeabeekhis oviepddsezed for a tine

sufficient to.create.this overdose. ln this _. e
Soonf | gur bt i BSt Rah P er ST EORT (BRSaKETPE 1§ fAged and it is
| nptirat eipbeatewhbelini shitispl acgdsplaceg. | i kew se

possi ble to displace the wafer in a controlled manner,
faci ng alti k8d B&SWLSPNPRSE10dSed 0 tHesrksts t Erengafer in a

2ONSoL s ELGAEn U] | £l BSq COMPELSE BoLgi On having a
y %n of 1 np

| oca greater concentrati anted speci es.
This is Iomcallly cemdd,estled ambthétllementofzdris sthegi areated

of the enbrittlenent zone by a greater enbrittl epent

16 iobh (HES aGERBE oS Pe TePREREY dit Lo BorlGh bf greater
t hecyatentegtieapendingl hcédespesptader, so that this
region (which corresponds to a starting region, as

wi Il be Beés) diss decalsvipaanifi@asad t bed Heyi avefl t¢e this

S:Tg%@ia%ﬁgegft Egt“&g-g Thi S, SUPES cn&iPr i tAded rEgionis oroater

embrittlement between the layer to be detached and the

15 portion of the wafer corresponding to the remainder, so
that this region (which corresponds to a starting region,
as will be seen) is at a super-embrittled region of the
embrittlement zone.

This super—-embrittled region is preferably situated

20 at the periphery of the wafer.

And because fine control is ©possible of the
implantation characteristics, the creation of such a
region with a greater concentration of implanted species
is simple to perform.

25 The step of constituting the embrittlement zone has
thus been performed so as to create in this zone a
localized region where the embrittlement zone has a
greater embrittlement locally, so that this region
corresponds to a super-embrittled region of the

30 embrittlement zone.



at the periphery of the wafer. And because fine
control is possible of the inplantation

webasacies i stics, the creation of such a regi oPCTME2004#002693
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greater concentration of inplamted species is sinple

to perform The step of constituting the enbrittl enent

zone has thus been perforned so as to create in this

zone a localized region where the enbrittl enent zone

has a grEaier ewhtoht|esent dhecal bMbrsetibaenthi szone will
region corresponds to a super - enbrittled region of

RS TREITELPRRbRY Khne. ﬁﬁmﬁ%dﬂtﬁq ShaFding ~ region”;  the
emyrddd | SUENE ZONe Wbtk &Pi‘l’%éé?xﬂfé‘lh%a%pg?f?eﬁ@rlq?ijeﬂi‘gfter

starting region”; the neaning o termw
becone dbpérehhl&er@@gﬁmmerofAmdhehismbegtbheménthezone is
nbglttLenent z ocal i zed: é ngg .exanﬁ

Fron-Richt o%}‘é‘é’s St avguliat S sB88t %Gfglt% 21%? Covers

of sevenghlgdegseesontot henpepirpber yrokel/BRal degrees at the

enbrittlement zone. It is |ikew se possible, according

t()Eﬁﬁ%@@%ﬁ%a@$v%het%ﬂ@%ﬁﬁﬁl@@@@¢tﬁ©éespe0|f|c regi on

all aro t persi y e,

t he ang&ﬁgr gg%toﬁjggséfgﬁ b%nD drtlng($%§§#? ;O an

be astemwcdt e 360t Archatthiez i edt I"tmfstm;&crleﬁgjconreglon all

havi ng a.crown shape is thus small, substantially |ess

t hat T Qe cERt | REt Br S HY ¢t neft FoFSHet achnent Once t he

enbrittlarertizongad@s thies Qﬁ&ﬁl&?ngédﬂﬁﬁdcbﬂe%@ by the
wafer with its startlng region, the wafer is subjecte

to Starehnaeneoion WY dedinedt mpeht B8 360°. And the width of

this  region having a crown shape 1s thus small,

substantially less that one centimeter.

Treatment for detachment

Once  the embrittlement zone has thus been
constituted in the wafer with its starting region, the
wafer is subjected to a treatment for detachment of the
layer at the level of the embrittlement zone from the

remainder of the wafer.

Preferred embodiment

In the case of the preferred embodiment of the
invention, wherein the embrittlement zone has been
formed by implantation with a local overdose, the
treatment makes use of an annealing.

This annealing permits causing coalescence of the
micro-bubbles which are generated at the level of the

embrittlement zone by implantation.



| ayer at the level of the enbrittlenment zone fromthe
renmai nder of the wafer. Preferred enbodinent In the

we aws/ 008353 he preferred enbodi nent of the i nvenP€DIB2004/002693
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wherein the enmbrittlement zone thas been forned by

i mpl antation wth a | ocal overdose, the treatnent

makes use of an annealing. This annealing permts

causi ng coal escence of the nmicro -bubbles which are

gener at ethisd t henkevengof the embeiétdienent <ifie-tyd  under

i mpl antatjon. This, annealing is preferably effected
unnpo‘é‘?ncgtjoi?rb‘i’]i‘? on@hﬁchpﬁgmg{tt é‘é’@%ﬁlﬂ@ t 7 heth@f evafer as
honw&ﬁ&%&@ow Aoududd heate s POSSHHL -1 AN ef fect

i's

sought, in the case of the invention, such that .
during tAe ehfealihy, sdeghthmém the |ooed | 9Li bhei aneséntion,

t I : ting region, to.then propagate
o 405 BYEL Qe SLAL I LE0L00 L8 LUERREOPR08 1y
ef faeit Corgd ehe datadlwmsit .oThehdpplbaganhghasedivd acto then

observed that, when subjecti ng wafers to a
" cRRRR DRI OV Riet Bt lanftaFhAgerhrikEeameRE zone so as

waf.gs Sef‘f@c@iécﬁﬁﬁeéi:@td%{%lﬁﬁ&@f of heating el ements

all providing the sanme heating energy, the detachnent
was i ni tTree edipatl itdeent evels ofin' hdtagioi pbseroed' hahat, when

regigns". .These hat regipns correspond tq plages in
theS@%Jo“??J?JtrI‘%rreﬁ'ta%?gﬁe r e@ei Vi ng %W@zﬂtl at_eFi_et"’IChment
amatiie of i fipain bacastseciod W LAPLE abyE edi BPesBgenei theS center
in the furnace. They are typically situated in the

uppefr MRFEMY i plemenisr tiaddl #roaddiew) &het heawsf eheating
energy, the detachment was initiated at the level of
“hot points” or “hot regions”.

These hot regions correspond to places in the
embrittlement zone receiving a locally greater amount of
heat because of temperature inhomogeneities in the
furnace. They are typically situated in the upper region
(in the vertical direction) of the wafer.

In the case of a conventional SMARTCUT® method, it
may be advisable to use these hot regions for initiating
detachment (e.g. exploit a non-homogeneous distribution
of the amount of heat applied to the different regions
of the wafer).

However, in the «case of the invention, this
initiation of detachment is already effected by the
starting region, in particular permitting limiting the
extent of the rough zone related to the detachment, and
suppression of such hot regions can then be sought (this
allowing among others to obtain an homogeneous roughness
distribution over the detached layer).

Several solutions are possible for this purpose.



In the case of a conventional SMARTCUT(r) nethod, it
may be advi sable to use these hot regions for

WO piosiosd3shg det achnent (e.g. exploit a non - hoPOLEBREGUE2693
di stribution of the anpunt of feat applied to the
different regions of the wafer) . However, in the case
of the invention, this initiation of detachnent is
al ready effected by the starting region, in particular
permittimgyiiern 1i spotide eextenst obmbbeimengh &zONgn annealing
related to the detachnent, and suppression of such hot

r ediORCR Mt HeMbe Rougted (1hi thal 1w Rl @fong ot her s

to obtaifhan AOMDIENEQUSapRYgRReSS (i SiHd bUfd 0 OVen s  the
the detached | ayer) .  Several solutions are possible
f orcurp s pur pose cRicure fleshoo daforsngettiodi debacluhent of

an neal i ng device, whic be psed in th .

i nvert i gﬁ.yegll'heoefa/\nlﬁ%%ﬁ%\%fa%vﬁl&?#ow%ﬁ%l%ft&es HakCiEpess of
purflosevafer sacht nedsyi©f 1 &aveF | Hgndé he det achment  of

the layer of material defined within the thickness of .

t he waf efhy daVd Cenb Ot t PEnehi 92BRe. 1 THOMRS/ISSS 1@ oheating

Fi géﬂ&és&@émﬁio%esférh%é&gfﬁﬁd aaur eofloglofr%r w?fers T in
receiving one or nore wafers n order to annea
t hesmddihet ¢ ongidaldittadmaxi s of the device 10 is

vertical_- this device js thus of the vertical oyen ,
10 ype. | tTRG I orb%l_*ﬁ‘b‘{heraai hﬁfﬂ?hé’%\/\&&]@r éyef'”?‘.rﬂree spos¥grtical

vertigal 4 yadwh ddi Ss enelHsai eghanse ot chprézont @by, as

in the known art. The wafers are received in a Ccage

110, whikh wslit &8 f netipgortleat byhe sipfors Tllare disposed
vertically in this enclosure, and not horizontally as in
the known art.

15 The wafers are received in a cage 110, which 1is
itself supported by a support 111.

The support 111 rests on a cover 112 closing the
throat 120 of the device.

Wafer retaining means 130 are furthermore provided

20 for introducing the wafers into the device 10 and
removing them after annealing.

The enclosure 100 is provided with an aperture 101
situated opposite the throat 120. A heat-conducting gas
may be introduced into the enclosure through this

25 aperture,

A plurality of heating elements 140 surround the
enclosure 100.

These heating elements are disposed one after the
other in a substantially vertical direction.

30 These heating elements may for example be
electrodes capable of emitting heat when they are

supplied with electricity.



The support 111 rests on a cover 112 closing the
throat 120 of the device. Wafer retaining neans 130
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into the device 10 and renovi nglt hem after anneal i ng.

The encl osure 100 is provided with an aperture 101

situated opposite the throat 120. A heat - conducti ng

gas may be introduced into the enclosure through this
apertur eriduiyd U2 abivysob heattdrg wlament stAd0eaunbaund 100,
t he enclq;ure 100. These heating elenents are di spgosed
one R t¥FTeHe ot n@rdi Ha BaBstaHt FAPReNVEr tAfal(their number

di rgethon-chese heathng ﬂ&a@@; oY éogaﬁéagﬁl £188ity) .

h
el ectrodes capable of emtting heat when they are
suppl i edle@nsh eboéct shevny.iFi githe 2fjgvessa drstriier wiedwctive

f th I 100 h f d the heat]
o I8, S061 88U 100, ALE TS, by A0S N8 DEBLINO: oo <o

figssredioivéahe sokerol ehas iHydtindephieROLShOWY i B these
the figures permt selective control of the supply of
each-#eRR %y el enent, so as to selectively control the

heat i ng e th el gopni I 3. thi : .
nanner,:gﬂgeggg%icgﬁﬁgggfrigﬁ?ﬁoﬁﬁls 6%% ro?fégkgPuFﬁgn 1S
anocont tiof L et odppheediriauritheofiaherns dypligdhead | tge wafers
The %iﬁgnt has in fact observed that the use of a

conv ?a%%GQ1cal oven with the idea of disposing
the waf efge vaspi Ladhy hhSTehn.fa2s JKAMYyvdH RHiga e8hd use of

an%a conventional vertical oven with the idea of disposing
the wafers vertically therein, as shown in Figures 1 and
2, produced a vertical temperature gradient.

By selectively controlling the supply to the
heating elements 140, a spatially homogeneous amount of
heat may be applied to the wafers T over the whole
extent of the embrittlement zone of each wafer.

This can be visualized, for example, by
measurements of haze produced on the surface of the
layers, after their detachment.

Typically, the lower heating elements will be
supplied more than the wupper elements, so as to
compensate for the natural tendency of heat to rise in
the enclosure and thus generate higher temperatures in
the upper portion of this enclosure.

It is thus ensured that the global amount of heat
applied to the wafers is homogeneous over the entire
embrittlement zone of each wafer.

The installation of Figures 1 and 2 corresponds to
a preferred embodiment of an annealing device which may

be used in the invention.



2, produced a vertical tenperature gradient. By
sel ectively controlling the supply to the heating
web@sondss 140, a spatially honn%eneous anmount PET/ME2004/002693
may be applied to the wafers Tldver the whol e extent
of the enbrittlenment zone of each wafer. This can be
visual i zed, for exanple, by neasurenents of haze
produced on the surface of the |ayers, after their
det achmeitwevignpj cald yist h@lé@wos{tﬁaﬂimgtal esenisvyi lduch a
be supplied nore than the upper elenents, so as to ,
con%%ﬁgﬁ?%e?%ﬁ ?R@Phﬁ§E%%P PéndefiéyPat ABaENEQOfi §eajtn using
t heqepel pSHF €1 @ody T hys; gggerate higher tenperatures in
the upper portion of this enclosure. It is thus
ensur ed Fiaure he3gl bbak ambwmts ofa hedaviappl i 2d t caphble of
waf e I s _honogeneous _qver the entire enbrittlenent.
zon%£%¥6€%%%gma?e?pn?ﬁglpﬁ395q954¥§9(ﬁoFﬁEﬁwégvﬁngﬁan on a
2 cpafesppNdsr ten aa ppehLAT 8y egbogi peps . of an
anneal i ng devi ce which may be used in the . .
i nvent i 6%?%%@@@?55?t 4 exi0s o Pussl i@ klyy akprégensachy, in
ah S j [ of a gl obal amount of heat
usi%SP%??fggéﬁﬁgpﬁigg%l%Q?bns. Figure 3 thus shows a
devi ce Zﬂusagmblesnfepésf@mmwn@emwwﬁmmamin@peﬁt@¥diagl for
to the invention on a_wafer T or on a plurality o
10t BPS. AHEOUAT oTO 9T et Bt seBREaRt 157 | gas
hori zontgld y, ddviacdeating ene oswe@ i@ ThGements  shown
encl osure is provided with an aperture 201 for the
int@@kﬂﬁﬁtkﬁﬁi% ky heafererendit?i ng gas.

These heating elements may be disposed solely above

(6]

the wafers, but it is equally possible to duplicate them

15 by similar heating elements situated below the wafers.

The heating elements 240 may be a series of
individual heating elements (for example, electrodes or
heating plates) extending in the same horizontal plane.

Each heating element can then be a circular ring

20 placed concentrically to the others, the different
elements having different diameters.

The elements are then likewise placed
concentrically to the wafers when these are in the
annealing position.

25 Here again, means (not shown) are provided for
selective and individual control of each heating
element.

It is thus guaranteed that the global amount of
heat applied to the wafers is homogeneous along the

30 embrittlement zone of the wafers.



The device 20 has heating el enents shown col |l ectively

by reference 240. These heating el enents may be
wale@possas sol el y above the wafers, but it is eptEIB2p04/002693

possi bl e to duplicate them by $2nilar heating el ements

situated bel ow the wafers. The heating el ements 240

may be a series of individual heating elenments (for

exanpl e, el ectrodes or heating plates) extending in

t he saneTher hzantialy plaentachiheabiynd idan®y s@na single
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e, as
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suppleb@ht arguneapfnheaspabl e of

In any case, in all embodiments of the invention,

the heating device is capable of effecting homogeneous
15 heating of the wafers, so as to apply a homogeneous

amount of heat to the embrittlement zone of these

wafers.

It is recalled that this specific aspect is ignored by

previously disclosed methods, such as the ones of WO
20 02/05344 and EP 938 129.

In operation, the annealing device according to the
invention thus applies a homogeneous amount of heat to
the embrittlement zone of the wafers.

The amount of heat received by each wafer during

25 this annealing corresponds to the amount of energy
necessary to detach the layer from the wafer.

Whatever the type of installation made use of for
effecting this annealing, there is obtained for each
wafer a local detachment of the layer from the wafer at

30 the level of the starting region.



| ocally adjusting the amount of heat applied to the

enbrittl enment zone so as to constitute a honbgeneous
w@bk@bal3zsihount of heat. In any case, in all enmPCUIBREOW®2693

of the invention, the heating #évice is capabl e of

ef fecti ng honogeneous heating of the wafers, so as to

apply a honbgeneous anount of heat to the

enbrittl enment zone of these wafers . It is recalled

t hat thishbpeci indtaapect dexdgnred bythervi ogplontaneocusly

di scl osed net hods, such as_the ones of WD 02/05344 and
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anmount of heat to the enbrittlenment zone of the

waf ers. Tie appldcasft heas obseirved byhaachywwaperceeding in

durj hi i . d f
enct 05 niEBRehr 3 H5 UEORhe 10y o UTFare T REUWangPs of the

Wiagevetnhéhel bype 0§ bpsiahéati on made use of for
effectiqg%ihis anneal ing, there is obtained for each_ ,
waf er a 2l refedlRmf®nt S of U RBeFBYER PPBRTEREOWEN efhich 1is

at éhﬁ%%éyfl of L 08; St ANLA e&eﬂgoﬁhghkﬁvéﬂk%ﬁ'
det ac At then sponf aneousl y propagat es over the
whol e enfmi tcohémest: ,zane, tHae daxd hefsuffiing eat camyaenttional

of heat appljed to the wafer. The | i cant has ,
10 s R T REE (TR OLG G nat RTALBRniBIose - erbrittlenent

par bl ddnpAiaesunbace: £ oppinesefod herdet agdeskhment is
| ayer is obtained. This roughness is furthernore
honpgehtabed dHréngi $he sPEeFiandbentdf itheobiesidledobythe hot

therégygﬁéiﬁgntioned above.

In this case, it 1is generally observed that: the

15 local roughness of the detached layer is greater at the
level of the hot regions than the general layer surface
roughness.

In the case of the preferred embodiment of the
invention, this inhomogeneity of roughness is avoided.

20 The dinvention thus proposes, 1in its preferred
embodiment, an alternative of a conventional version of
the SMARTCUT® method:

- in the case of a conventional SMARTCUT®
method, implantation is performed substantially

25 uniformly over the surface of the wafer, and during the
detachment annealing, the detachment is generally
initiated by inhomogeneities of the amount of heat
applied to the wafer,

- in the case of the alternative of SMARTCUT®

30 corresponding to the preferred embodiment of the
invention, on the contrary a non-uniform implantation is

performed with localized overdose, and during the



In contrast, in the case of using a conventiona

detachnent annealing, on a wafer whose enbrittl enent
WQoWe/0tBRPri ses no starting region, the detachP€nB2064002693

initiated during the annealingl4t the |evel of the hot

regi ons nmentioned above. In this case, it is generally

observed that the | ocal roughness of the detached

| ayer is greater at the level of the hot regions than

t hedgenenmént agpemesiihace-toughpessatliont ef casehehmogeneous

the preferred enpodj ment of the invention, this

i nHoyemert yogfh?%g%e%%S%bla%o’vaeHhe THef fhveht FORINE -

thus proposes, in its preferred enbodi nent, an

alternative of a conventional version of the

SV T (ejbe@dihedtsin the case of a conventiona

SMARTCUT( ) nethod, i.nplantation i s perforned

SSubstanté%JI?eHEﬁPgﬁﬁ%y 63ér the QSPE&%éeo?%Fhe GEpLpy the

andi g ot heyddeirad e nt o areRld idbnthedderagbaent fidm the

generally initiated by inhonogeneities of the anobunt

of Peatehppli eRCPEINRBLWEPEr eSPRNCRadcdse ¥ ghbernative of

al terstkvey dﬁ%@ﬁg@lﬂ(r) corresponding to the

preferred enbodi nent of the invention, on the contrary

a non- unidordingplantt@tdssn esbpeéifiented wi tdtarting region

| ocal i zed overdose, .and duri.ng thedetac t anneal.in
10; helsapéll%@ﬁ’tlisgn %?éan%ecﬂoﬁgg ugegﬁi an‘?&gﬁﬂq%f e 511tggement
possdid e oo the waffir,i SasQuUE . tRkherewmbodicmits Atdrting

mentioned, it is possible to enploy the invention
acceR @i oy t shemssnmdilengintf cs@re PebrieeRethe layer to be

detached and the remainder of the wafer is locally

super—embrittled so as to define a starting region.

15 During the treatment aimed at detaching the layer
from the wafer, this starting region will in all cases
permit initiating detachment, so that this then
propagates over the whole surface of the embrittlement

zone.



preferred enbodi nent corresponding to an alternative
of a SMARTCUT(r) nethod. According to those

weedpsaiizent s, a starting region_is |ikew se crPEl/@sRoat002693
the level of the enbrittlenentl2one of the wafer, and
at the level of the starting region, the enbrittlenent
zone between the | ayer to be detached and the
remai nder of the wafer is locally super- enbrittled so
as to define a starting regi OhATIPEri ng the treatnment
ai med at detaching the layer fromthe wafer, this
starting region will in all cases permt initiating

detachment, @i bhi sethenArRhepagat 8 1Q¥Rk theom a wafer
whol e surface of the enbrittl enent zone .CLAIMS 1

Met ibd off dewraeckiest efoachaylrom r graml agafderc{or) opterials,
mat eri al ose 0 ] conduct or_nmateri h .
tﬁg]ﬁb{héé ¢§§§§E§l %dﬁ%?s??e go?gﬁgis{%ﬁ%gof.

nmet hod conprising t eps crea ah

enbrittlenentczeneind thm t higkngss lafmdrite wafgre thHe  the
said enbrittlenment zone defining the |ayer tao be

Sdet@thedess ¢ 1R t kheknWasess tHaewatatd  embjtddingpt zone
thejdef e ng 0+t her ﬁae@%m%%égl%&r farmudet achiBAtss of

of the layer, at the |evel of t rittl ement zone,
chatlaeteafeed in that : - during the creation of the
enbrittl ement zone

a lacalized starting, reqion, of
this zone i s LONKTTTUed. Gt THE | BVeF OPCRhPen (ERELTERE £
enbiyd t£benentetzenachecabt y thas Dipat er .enbehét herRnt ,of the
so that this starting region
10 embrittlement zone,
characterized in that
- during the creation of the embrittlement zone, a
localized starting region of this zone is constituted,
at the level of which the embrittlement zone locally has
15 greater embrittlement, so that this starting region
corresponds to a super-embrittled region of the
embrittlement zone, and
— the thermal treatment is performed so as to apply

to the wafer a substantially homogeneous amount of heat

20 over the whole embrittlement zone.

2. Method according to the foregoing claim,
characterized in that the ebrittlement zone is created
by implantation of atomic species, and during the

25 implantation the starting =zone 1s created by local

implantation of an overdose of atomic species.

3. Method according to the foregoing claim,
characterized in that the detachment treatment i1is a

30 thermal annealing.



corresponds to a super - enbrittled region of the
enbrittl enment zone, and - the thernmal treatnent is

wW@erso1izetl so as to apply to the wafer a substRer/iBEI004002693

10

15

atomc s
cl atmarebeeacied i 7ed thatt hale thendet aghment 4 f%ﬁ#ﬁgﬁ so as
is a thermal annealing.4 . Method accordlng t

f or'egopigle| & n’@h%h‘a@ﬁ@r eanzadointt hat hehe anmeabpngdlng to
IS f t.o_ ap t he. waf er

“hea %o(%é es%%srge §a°r3f h@o en%f@?c%%%s@&? yd?g EHifien
effecting the detachnent 5 . Method according to any

of the foregoing clains, characterized in that

di f f er en? - hedt§ Y%l SRGARINT uated #B¥i ngft heh@af dpregoing
arecﬁéﬂﬁgt'8ﬁ%ﬁéé%g¥f£@éegm Bnabelhed. acgor Egglbﬁ QA8ments
of the thtee foregoing clains, characterized in at
det%m%mm%ﬁdlﬁa¢1ng|Eh&ﬁW&ﬁeIrmzéewelecﬁ1w®bys¢amtr@gled.
zone during the annealing. 7 . Method according to the
foregoing claim characterized in that the detachnent

propagates fnyaHde Sdddtding zeheon®Vet the Wheke foregoing
extent of the enbrittlenent zone.

honbgeneous anount of heat ovet®the whol e
enbrittlenent zone. 2 . Method according to the
foregoing claim characterized in that the
ebrittlement zone is created by inplantation of atomc
species, and during the inplantation the starting zone
IS creatgd by@&%%?l i npl antation of an overdose of

eci e HOF Heedr dF g FBethéoFﬁg@@89n901almr

claims, characterized in that detachment is initiated at

the level of the starting zone during the annealing.

7. Method according to the foregoing claim,
characterized in that the detachment propagates from the
starting zone, over the whole extent of the

embrittlement zone.



